T H E role of fresh fat in experimental d i e t a r y conditions. I n the present study the Pyri doxine HC1 600 mg. effects of dietary protein, choline, methionine Biotin 60 mg. a n d heated f a t were correlated with t h e serum Folic acid 400 mg. cholesterol a n d serum /3-lipoprotein values Inositol 10 Gm. a n d t h e incidence of atherosclerosis. p-An.inoben.oic acid 200 mg. Menadione 500 mg. Ascorbic acid 25 Gm. METHODS Vitamin A acetate 1,000,000 I.U. Two hundred and forty day old chicks (Xew Vitamin D, 60,000 I.U. Hampshire-Colnmbian cross) were kept for 1 Alpha tocopherol acetate 2 Gm. week on a purified ration (table 1) which con-X, X'-Diphenyl-para-phenylenediamine 6.28 Gm. tained one per cent corn oil. Prom this group Procaine penicillin 1.11 Gm. 192 chicks of approximately the same weight were selected and divided into 24 groups of 8 birds corn oil at a temperature of 195 C. for a 24 hour each. They were kept on the experimental rations period as previously described. ' The protein for a period of 4 weeks and fed ad libitum. The levels were 15, 20, 30, and 35 per cent, the choline experimental diets were composed of 15 per cent levels were 0.14 and 0.07 per cent, and total sulfur fresh or heated corn oil, and 0.5 per cent eholes-amino acid levels ranged from 0.24 to 1.43 per terol. The heated oil was prepared by heating cent ( The whole blood sample was transferred to a stoppered centrifuge tube, allowed to clot at room temperature, broken into smaller clots with a spatula, stored overnight in a refrigerator, centrifuged for about 20 min. at 3000 r.p.m., and the serum decanted with a syringe. The serum was frozen until analyzed. The total serum cholesterol was analyzed as described by Sperry and Webb.'
The determination of liver cholesterol differed from that of serum cholesterol only in the method of extraction of the cholesterol and in the choice of solvents used in purifying the precipitated cholesterol digitonide. The whole wet liver was weighed, partially homogenized, and 1 to 2 Gm. of the homogenate weighed into a tared 125 ml. Erlenmeyer flask. Ten milliliters of extraction reagent was added to the flask for every Gm. of homogenate. The extraction reagent was 10 per cent potassium hydroxide in 95 per cent ethyl alcohol; the potassium hydroxide was dissolved in a minimum of distilled water and added to the alcohol. The sample was allowed to stand overnight in the extraction reagent at 45 C. It was then transferred to a 100 ml. volumetric flask, washed with acetone, and diluted to the mark with alcohol so as to make the final ratio of acetone to alcohol approximately 1:1.
A 5 ml. aliquot was taken, neutralized with glacial acetic acid and precipitated with digitonin solution. The precipitate was purified according to the procedure used in the serum cholesterol analysis, with the exception that acetone-water, acetone, and finally ether were the solvents used in that order to purify the precipitate.
For lipoprotein analyses untreated serum sam-ples were subjected to an initial centrifugation at 40,000 g for 30 min. to remove the coarse material, and the isolation and analysis of low density lipoproteins were made according to the ultra-centrifugal flotation method of Gofman. 10 For the determination of total serum lipid, 5 ml. of serum was transferred into a 100 ml. lyophilization flask, lyophilized, then treated with 2 ml. absolute alcohol and evaporated on a steam bath under vacuum with the aid of a water aspirator. The residue was extracted 4 times with 30 ml. quantities of redistilled Skellysolve F. The Skellysolve F extracts were combined, then dried with anhydrous sodium sulfate, and filtered. The filtrate was transferred into a weighed 200 ml. glass stoppered round bottom flask, and the solvent was removed on a steam bath under vacuum. The flask was then placed on a Rinco evaporator and the last traces of the solvent removed at 60 C. under vacuum. The flask was allowed to cool in a desiccator and reweighed. The vacuum drying was repeated until a constant weight of the flask was obtained.
The aorta was removed from saerified animals, stained overnight with a saturated solution of Sudan IV in 40 per cent alcohol and graded from 0 (none) to 8 (most severe) for degree of atherosclerosis according to Duff and McMillan."
RESULTS
The results indicated that the serum cholesterol levels were significantly lower at the higher protein levels (table 3) . Furthermore, an analysis of variance showed that statistically significant lower serum choles-NISHIDA, TAKBNAKA AND KUMMBROW terol levels were noted when heated oil was substituted for fresh oil in spite of the higher dietary cholesterol consumption, on a body weight basis, by the chicks fed heated oil (table 4 ). The effect of high protein on serum cholesterol was significantly less pronounced for the heated oil as compared to fresh oil. At a low protein level the methionine-deficient diet significantly elevated serum cholesterol levels in chicks which had been fed heated oil or fresh oil. However, at a 30 per cent protein level the average serum cholesterol levels were statistically homogeneous. A diet low in choline significantly increased serum cholesterol levels in the chicks fed the fresh oil diet at the 15 per cent protein level, but no significant effect was found for those fed higher levels of protein. A low choline, low methionine diet significantly increased serum cholesterol levels in chicks on both fresh and heated oil at the low protein levels, but this elevating effect was not obtained at the higher protein levels.
An analysis of variance indicated that high dietary protein levels and the substitution of heated oil for fresh oil significantly lowered the liver cholesterol levels in chicks (table 5). The depressing effect of a high protein diet on liver cholesterol levels was significantly less pronounced in the chicks fed heated oil as compared to those on fresh oil.
At the low protein level a methionine deficient or a methionine and choline deficient diet significantly elevated the liver cholesterol levels in the chicks fed heated oil, but no significant effect was observed in those fed fresh oil. At a high protein level no significant difference in the liver cholesterol levels from the chicks on either fat was noted. The liver cholesterol levels from chicks which had been fed the low choline and those on the adequate choline diet were statistically homogeneous.
The total /Mipoprotein levels of pooled samples of blood from each group of chicks on fresh oil were lowest at the highest protein level (table 6) . Furthermore, an increase in the protein level greatly decreased the percentage of Sf 20-400 /8-lipoprotein. The heterogeneity of lipoprotein patterns caused by a high fat diet could be greatly diminished by an increase in dietary protein level. At a low protein level, methionine or methionine and choline deficient diets greatly increased the total ^-lipoprotein level. At a high protein level, methionine or methionine and choline deficiency did not increase the total lipoprotein levels, but the percentage of /Mipoproteins above Sf 20 was higher than for the corresponding complete diets.
The substitution of heated oil for fresh oil consistently depressed /Mipoprotein levels, lowered the percentage of lipoproteins above Sf 20 and caused the lipoprotein patterns to become homogeneous. The depressing effect of heated oil was less pronounced on the high protein level.
An increased protein intake and the substitution of heated oil for fresh oil generally depressed the total serum lipid (table 7) . The highest total serum lipid was noted in the serum from the birds which had been kept on the low protein methionine-deficieut diets. On the latter diet, the total serum lipid was approximately 2.5 times higher in the birds which had been kept on the fresh oil and 2.2 times higher for those on heated oil as compared with the respective birds on complete diets.
At the low protein level, the serum of * Each Sudan IV stained section of thoracic aorta was arbitrally graded from 0 (none) to 8 (most severe). chicks fed fresh oil was more turbid than that of animals fed heated oil (table 8) . The serum from birds which had been fed the low protein, methionine deficient diet was approximately 5 times more turbid or "milky" in appearance than that of chicks on the respective complete diets. The difference in turbidity between the sera from birds fed fresh oil and heated oil became smaller at the high protein level. The birds fed fresh oil showed a decrease in the incidence of atheromatous lesions with an increasing protein level (table 9). A methionine-deficient or a methionine and choline deficient diet tended to increase the incidence of atherosclerosis as compared with the re-spective complete diets. A eholine deficient diet only slightly increased the incidence of atherosclerosis at a low protein level and slightly decreased the incidence at a high protein level.
Birds fed heated oil and protein at a high level had at least as severe a degree of atherosclerosis as those fed fresh fat at a low level of protein. These results were noted in spite of the fat-t that the birds which had been fed heated oil had lower serum cholesterol and lower /Mipoprotein levels particularly devoid of the high S t value lipoproteins. Those on the methionine or methionine and choline deficient diet and heated oil had the severest symptoms of atherosclerosis. These results seemed to be independent of total cholesterol and total feed consumption, and indicated that an increase in cholesterol and diet consumption occurred as the level of dietary protein increased and was higher in those on fresh rather than heated fat (table 10 ). An analysis of variance showed that the growth of chicks was significantly greater at the high than at the low protein level (table 11 ). The substitution of heated for fresh oil depressed the growth of chicks significantly; this was most pronounced at the low protein level.
DISCUSSION
The present results may help to extend basic information on atherosclerosis in two directions. One, they indicate that dietary stress factors other than a high fat, high cholesterol diet may be involved in the inducement of experimental atherosclerosis; and two, that high serum cholesterol and high /Mipoprotein values do not serve as an accurate index for atherosclerosis.
The need for a high fat, high cholesterol diet for the development of experimental atherosclerosis in a reasonable period of time has been recognized in man3' previous studies. 1 In fact, these studies have been interpreted to indicate that a low-fat, low-cholesterol diet may serve as the best means of preventing atherosclei'osis. 1 -14 An overemphasis on dietary fat may have prevented consideration of other dietary components such as protein. 1 " 17 It would seem that a high fat diet would automatically lower protein intake as total food consumption would decrease. Furthermore, in experimental atherosclerosis, visible fats and oils such as butter, margarine and corn oil rather than whole milk, eggs and meat have served as dietary sources of fat. The visible fats represent "empty" calories which upset dietary fat-to-protein ratio.s more than food items which contain both fat and protein. It would seem therefore that comparisons in diet in which only the fat is varied may yield erroneous results. This may also be true in human subjects such as the Bantu on an insufficient caloric consumption of a low fat, low protein diet. 18 In this case, caloric consumption rather than the proportion of fat to protein becomes a limiting factor in the synthesis and deposition of cholesterol. However, in the American diet, which is excessively high in calories, the fatto-protein ratio may become an important factor in cholesterol metabolism.
In agreement with previous studies 19 -^ we found that a deficiency in methionine led to an increase in serum cholesterol values. In our low protein diets a deficiency in methionine greatly elevated serum cholesterol, #-lipoprotein levels, and total serum lipid, showing that the imbalance of dietary cholesterol, fat, and methionine at the low protein level was particularly atherogenic. The fact that the low protein methionine-deficient diet approximately doubled the serum cholesterol levels in our chicks when compared with those on the low protein choline deficient diet, agreed with the observation of Mann et al. lft They found that in Cebus monkeys, hypercholesterolemia and consequent atherosclerosis were dependent upon a deficiency of sulfur amino acids, but not of labile methyl groups. However, the beneficial effect of high protein diets in preventing a cholesterol type fatty liver cannot be explained wholly by the presence of methionine or by the lipotropie action of protein as a precursor of choline. The presence of adequate amounts of essential amino acids may, therefore, be necessary to provide for normal lipid and cholesterol metabolism. "We have also noted a new stress factor in experimental atherosclerosis, namely heated fat in low protein diets which contained a moderate amount of fat and cholesterol. Whether or not heated fat per se is a stress factor in human atherosclerosis cannot be ascertained from the present study.
The present results indicated that a "milky" serum of high y8-lipoprotein content may not reflect predisposition to atherosclerosiq 1 . The "milky" serum may reflect faulty fat metabolism or may merely reflect the consequences of an inadequate protein intake. Furthermore, the high j8-lipoprotein values as reported in many analyses 21 ' 22 may be the result of an inadequate protein to fat intake. "We found that whenever the incidence of atherosclerosis induced by dietary cholesterol and fresh fat was high, the serum cholesterol, liver cholesterol, /Mipoprotein, total serum lipid, and turbidity levels were greatly elevated. Furthermore, the /Mipoprotein patterns became heterogeneous, giving rise to abnormal /S-lipoprotein, and showed very high distribution of the lipoproteins above Sf20. It appeared, therefore, that high levels of serum cholesterol and /J-lipoprotein levels, particularly high percentages of /9-lipoprotein above Sf20, are consistently associated with experimental atherosclerosis in chicks. However, we noted a higher incidence of atherosclerosis in the birds fed heated rather than fresh oil in spite of the higher cholesterol values in birds on the latter diet. If one assumes that heated fat does not interfere with cholesterol absorption, the livers from the birds kept on fresh oil seemed to store excessive amounts of cholesterol more efficiently than the liver of the birds kept on heated oil. The cholesterol which was not stored in the liver may have been deposited in the arteries and thus contributed to the higher incidence of atherosclerosis in those fed heated oil. The liver may therefore serve as a protective mechanism for the storage of excessive amounts of cholesterol.
On the other hand, the effect of heated fat may be partially related to its toxic effect and to the reduced availability of essential fatty acids which facilitate cholesterol absorption. 4 The aggravating effect of heated oil on the development of atherosclerosis may also indicate that the proteins in the intima were denatured which facilitated cholesterol deposition independently of the serum cholesterol or /9-lipoprotein level. It is possible that cholesterol containing lipoprotein molecules became less stable in the presence of heated oil.
SUMMARY
The effect of dietary protein, methionine, choline, and heated oil on serum cholesterol and ^-lipoprotein levels, and the consequent incidence of atherosclerosis in chicks were studied.
The results indicated that dietary protein tended to depress the atherogenic effect of dietary cholesterol and fat. It was shown that the serum cholesterol, /?-Hpoprotein levels, and the incidence of experimental atherosclerosis in chicks were more dependent, 01 dietary p~ otein than on dietary fat or cholesterol. Deficiency of methionine at low protein levels significantly elevated the serum cholesterol, /Mipoprotein, total serum lipid, and liver cholesterol levels of chicks, indicating that the imbalance of dietary cholesterol, fat, and methionine at the low protein level was particularly atherogenic. The substitution of heated for fresh oil depressed the serum cholesterol and /8-lipoprotein levels, but the incidence of atherosclerosis was at least as high as with fresh oil, indicating that the serum cholesterol level and yff-lipoprotein levels were not necessarily proportional to the degree of experimental atherosclerosis. Le resultatos indieava que proteina dietari tende a deprimer le effecto atherogene de cholesterol e yrassia dietari. Esseva demonstrate que le nivellos serai de cholesterol e de lipoproteina beta e le incidentia de atherosclerosis experimental in gallinettas dependeva plus del proteina dietari que del grassia o del cholesterol in le dieta. Un carentia de methionina combinate con basse nivellos de proteina resultava in ascenditas significative del nivellos serai de cholesterol e de lipoproteina beta, del total lipido del sero, e del nivellos de cholesterol hepatic in le gallinettas. Isto indieava que un imbalancia de cholesterol, grassia, e methionina dietari in le presentia de basse nivellos de proteina es particularmente atherogene. Le substitution de oleo calefaeite pro oleo fresc deprimeva le nivellos serai de cholesterol e de lipoproteina beta, sed le incidentia de atherosclerosis remaneva le rnesnie o cresceva aneora in comparation con le uso de oleo fresc. Isto indieava que le nivellos serai de cholesterol e de lipoproteina beta non esseva necessarimente proportional al grado de atherosclerosis experimental.
